DNA samples within our laboratory are routinely quantified to ensure that the optimal amount of DNA is analyzed by fluorescence-based multiplex analysis of amplified short tandem repeat (STR) loci. Routine quantification is by a dot blot hybridization assay using a probe complementary to the human D17Z1 locus (5, 6) , and 2 ng of human chromosomal DNA are added to the polymerase chain reaction (PCR) solution. The advantage of this technique is that it enables DNA samples containing less than 1 ng/ µ L to be quantified, and it is specific for target human DNA rather than total DNA within the sample, which may include significant amounts contaminating nonhuman DNA. However, the technique is relatively slow and labor-intensive to perform. Furthermore, it is not amenable to automation, a prime consideration with high-throughput studies. To address these issues, a sensitive method of DNA quantification using a fluorescent dye was developed.
Quantification Assay
DNA was quantified by a simple fluorescence-based assay using the interchelating dye PicoGreen ® (Molecular Probes, Eugene, OR, USA).
The fluorescence of this dye at 520 nm is greatly enhanced when bound to double-stranded (ds)DNA, and the fluorescence emission intensity increases linearly with DNA concentration. PicoGreen is capable of detecting as little as 0.25 ng/mL dsDNA and can be used in the presence of equimolar concentrations of single-stranded DNA and RNA with minimal effect on the quantification result (2) . Samples were quantified against a standard curve ranging from 0-4 ng/mL, relative to a 5-µ L assay volume using stabilized sonicated human placental DNA (200 ng/mL; Cambio, Cambs, England, UK), in the first two columns of a white 96-well Cliniplate (Life Sciences International, Basingstoke, England, UK). Standard curves with regression greater than 0.995 were regularly achieved. Five microliters of sample and 95 µ L water were added to the remaining wells on the plate. One hundred microliters of PicoGreen solution (1:200 dilution of PicoGreen in TE containing 10 mM Tris-HCl, pH 7.5, 1 mM EDTA) were then added to each well, and the plate was read in a Fluoroskan ™ II Fluorescent Plate Reader (Labsystems, Helsinki, Finland) with excitation at 480 nm and emission at 535 nm. The results were analyzed with the associated Genesis software Version 1.9 (Life Sciences International). These were quantified by both the fluorimetric method described above and the dot blot hybridization assay prior to profiling using a multiplex STR system (1, 3) . To maintain the molar concentration of human DNA in the amplification, we would expect a greater amount of fluorescently quantified DNA to be required compared to dot blot hybridization-quantified DNA, because PicoGreen binds total dsDNA while hybridization to the D17Z1 probe is human-specific. DNA concentrations determined for samples by both the hybridization and the fluorescencebased protocols showed little correlation (0.26). Individual samples could have a hybridization-fluorescence DNA concentration ratio of between 0.025 and 10 ( Figure 1 ). The optimal concentration of DNA for analysis was determined empirically by amplifying 2, 2.5 and 3 ng of DNA as quantified by fluorescence. The results showed an unacceptable percentage of overamplified samples with 3 ng DNA (26.2%) and an unacceptable percentage of underamplified samples with 2 ng of DNA (Table 1 ). Samples amplified from 2.5 ng of template DNA gave an increased percentage of full profiles relative to the same samples amplified on the basis of quantification by hybridization.
Analysis of Samples
Profiles were classified as underamplified when any allele at a locus failed to give a peak height >75 using Genotyper ™ Version 1.1 (PE Applied Biosystems, Warrington, England, UK). Overamplification was designated when the linear range of the instrument was exceeded causing peaks of a different color to be observed under an overamplified allele peak, or when interference from artifact peaks around any allele caused ambiguity in allele designation, thus nullifying any result (Figure 2) .
The amplification results suggest that approximately 25% of the total DNA quantified by the fluorescencebased assay is of nonhuman origin. From the results of this study, it can be deduced that although there was no correlation between the results of the two assay types (0.26), and significant discrepancies between the two quantification protocols when measuring DNA from different individuals were seen, both are viable protocols for quantification before PCR-typing of DNA extracted from buccal scrapes.
The PicoGreen assay described is a rapid, sensitive and precise method for the quantification of DNA before amplification by PCR. For buccal scrapes, an increase of 7.3% in the number of full profiles was attained in comparison to the hybridization-quantified assay, although this was not statistically significantly different given a sample Key features of plasmodial DNA are its high AT content, which can account for over 90% in non-coding regions of Plasmodium falciparum (6) and the occurrence of frequently repeated sequences in coding regions (3) . As a consequence, cloned plasmodial sequences are often unstable when propagated in Escherichia coli , especially when they contain repeated sequences, and there are numerous reports about problems encountered during cloning and sequencing plasmodial genes (2, 5, 6) . We have devised a simple strategy that enables efficient cloning of plasmodial DNA using a partial digestion method.
Preparation of the genomic DNA and pBluescript ® ® vector for cloning. Aliquots (10 µ g) of Plasmodium chabaudi 96V genomic DNA were digested for 1 h at 37°C with 0.9, 0.6, 0.45 and 0.3 U of Sau 3A in 100 µ L buffer A (33 mM Tris-acetate, 10 mM magnesium acetate, 66 mM potassium acetate, 0.5 mM dithiothreitol, pH 7.9) supplied by the manufacturer (Boehringer Mannheim GmbH, Mannheim, Germany). Digestion under these conditions resulted in genomic DNA that was partially digested. After heat-inactivation for 20 min at 65°C, the Sau 3A ends were two-base filled in by adding to each tube 10 U Klenow fragment of E. coli DNA Polymerase I (Boehringer Mannheim) and dCTP and dTTP to a final concentration of 0.25 mM. The reaction was incubated 15 min at 37°C. Each aliquot was loaded in a separate well on a 0.7% SeaPlaque ® GTG ® low melting point agarose gel (FMC BioProducts, Rockland, ME, USA) and run at 1 V/cm and 4°C in the presence of ethidium bromide. Any sample showing complete digestion (indicated by a banding pattern when viewed on a long-wave transilluminator) was not used for the construction of a library.
Fragments of 2-4 kb were isolated by GELase ™ (Cambio, Cambridge, England, UK) treatment following the manufacturer's protocol and repurified by electrophoresis under the same conditions. Five volumes of QB buffer (750 mM NaCl, 50 mM morpholinepropanesulfonic acid [MOPS], 15% ethanol, pH 7.0) were added to the last GELase digestion, and the DNA was purified on a QIAGEN ® column (Qiagen, Hilden, Germany) of appropriate size using the protocol for plasmid preparations using QB buffer. The precipitated DNA was resuspended in distilled water at a final concentration of
Following the same protocol, pBluescript ® KS(+) (Stratagene, La Jolla, CA, USA) was completely digested with Xho I, two-base filled in with dTTP and dCTP and gel-purified once.
Ligation and transformation into SURE ® ® E. coli . Ten microliters of a mixture containing 0.2 µ g prepared genomic DNA, 0.12 µ g prepared pBluescript KS(+) and 1 U T4 DNA ligase in 1 ×ligation buffer (both from Boehringer Mannheim GmbH) were incubated overnight at 16°C. The ligation products were desalted by microdialysis against distilled water on an MF-Millipore ® membrane (Millipore, Bedford, MA, USA) for 1 h at room temperature and subsequently transformed into SURE ® E. colibacteria (Stratagene) by electroporation.
Plating, growth and replication. A 22.5-×22.5-cm Biodyne ® A transfer membrane (Pall BioSupport, East Hills, NY, USA) was laid on a fresh 24.5-× 24.5-cm LB/amp (100 µ g/mL) plate. Approximately 50 000 colony-forming units (cfu) in 6 mL SOC medium were placed in about 0.1-mL spots in a regular pattern on top of the nylon membrane. Spreading was performed with the knee of a glass spreader instead of its rod part. The plate was left open in a sterile hood until no more surface moisture was visible and then incubated overnight at 37°C. When colonies had reached a diameter of about 0.5 mm, a replica was made of the master membrane.
To do this, a Biodyne A transfer membrane was wetted on an LB/amp (0.1 µ g/mL) plate and laid on the master membrane. Both membranes were sandwiched between one layer of slightly wetted 3MM paper (Whatman,
